The clinical assessment of kidney function based on the estimated glomerular filtration rate (GFR) in older patients remains controversial. This study evaluated the concordance and feasibility of using various creatinine-based equations for estimating GFR in elderly Chinese patients with type 2 diabetes mellitus (T2DM). Methods: A cross-sectional analytical study was conducted in 21,723 older diabetic patients ($60 years) based on electronic health records (EHR) for Minhang District, Shanghai, China. The concordance of chronic kidney disease (CKD) classification among different creatininebased equations was assessed based on Kappa values, intraclass correlation coefficient (ICC) statistics, and the eGFR agreement between the equations was tested using Bland-Altman plots. The GFR was estimated using the Cockcroft-Gault (CG), Berlin Initiative Study 1 (BIS1), simplified Modification of Diet in Renal Disease (MDRD), MDRD modified for Chinese populations (mMDRD), chronic kidney disease epidemiology collaboration (CKD-EPI), CKD-EPI in Asians (CKD-EPI-Asia), and Ruijin equations. Results: Overall, the proportion of CKD stages 3-5 (eGFR ,60 mL/min/1.73 m 2 ) was calculated as 28.9%, 39.1%, 11.8%, 8.4%, 14.3%, 11.5%, and 12.7% by the eGFR CG , eGFR BIS1 , eGFR MDRD , eGFR mMDRD , eGFR CKD-EPI , eGFR CKD-EPI-Asia , and eGFR Ruijin equations, respectively. The concordance of albuminuria and decreased eGFR based on the different equations was poor by both the Kappa (,0.2) and ICC (,0.4) statistics. The CKD-EPI-Asia equation resulted in excellent concordance with the CKD-EPI (ICC =0.931), MDRD (ICC =0.963), mMDRD (ICC =0.892), and Ruijin (ICC =0.956) equations for the classification of CKD stages, whereas the BIS1 equation exhibited good concordance with the CG equation (ICC =0.809). In addition, significant differences were observed for CKD stage 1 among all these equations.
Introduction
The number of older patients with chronic kidney disease (CKD) and/or end-stage renal disease (ESRD) has increased dramatically in China during the past two decades.
in China. 2 The early identification and appropriate management of CKD in diabetic patients are important measures to slow its progression, for appropriately correcting the dosage of renally eliminated medications, and for avoiding potential drug toxicity. The direct measurement of glomerular filtration rate (GFR) using a substance exclusively filtered by the kidneys, such as inulin or other markers (eg, Tc-99m-diethylene triamine pentaacetic acid, 51Cr-labeled ethylene diamine tetraacetic acid, and 125 I-iothalamate), is the most reliable method to assess renal function. 3 However, these exogenous markers need to be infused or injected using costly and labor-intensive procedures to measure GFR. These evaluations are impractical in large numbers of older subjects. In clinical practice, serum creatinine (Scr)-based equations for calculating estimated glomerular filtration rate (eGFR) are important tools for identifying geriatric patients with CKD and for allocating appropriate drug dosage in these patients. The most often employed and analyzed equations include the Cockcroft-Gault (CG), 4 Modification of Diet in Renal Disease (MDRD), 5, 6 MDRD modified for Chinese populations (mMDRD), 7 and chronic kidney disease epidemiology collaboration (CKD-EPI) equations. 8 These equations use information on age, gender, Scr, and race. Weight is also a factor in the CG equation. However, the clinical assessment of kidney function based on eGFR in older patients remains controversial. Older individuals experience age-related loss of muscle mass, and sarcopenia has been reported in 1%-29% of community-dwelling populations, 9 which may influence body weight and Scr levels. Malnourished patients are particularly at risk of having decreased eGFR, even when they have normal Scr levels. 10 Race is also an important determinant of GFR estimation due to differences in dietary habits and body composition. 11 All of these factors can influence the accuracy of the results obtained when applying Scr-based equations. A multiple-race and -ethnicity study suggested that the use of a four-level race CKD-EPI equation (Black, Asian, Native American and Hispanic, White and other) in Asians (CKD-EPI-Asia) may improve the accuracy of results obtained for Asians. 12 Currently, the American Diabetes Association recommends an annual screening for diabetic kidney disease based on an evaluation of the urinary excretion of albumin and GFR, as estimated using equations including Scr, such as the MDRD or the CKD-EPI equation. 13 However, some studies suggest that evaluating eGFR based on the CKD-EPI equation provides improved risk prediction for heart failure, ESRD and cardiovascular mortality compared with the value of eGFR obtained using the MDRD equation. [14] [15] [16] It has also been reported that the MDRD equation significantly underestimates GFR in diabetic patients with microalbuminuria or overt diabetic nephropathy. 17 One study, which was conducted in Type 2 diabetic patients in a Korean population, suggested that the value of eGFR obtained using the CKD-EPI equation can more accurately stratify earlier-stage CKD among type 2 diabetic patients with nephropathy than the value of eGFR obtained using the MDRD equation. 18 While some studies have suggested that the performances of CKD-EPI and MDRD are comparable, 19 others have suggested that the CKD-EPI formula does not exhibit better performance than the simplified MDRD formula for estimating GFR in diabetic patients. 20 Using 99m Tc-DTPA dynamic renal imaging as the gold standard, some studies in China have suggested that the Ruijin formula is more accurate than MDRD for estimating GFR in Chinese diabetes patients (the rate of achieving 30% accuracy was over 70.0%), 21, 22 and one study suggested that this method is suitable for older diabetic patients (mean age of 70.3±6.4 years). 21 Furthermore, some studies have suggested that the Ruijin formula is more suitable for estimating GFR during the early stage of CKD in Chinese diabetes patients than the CKD-EPI equation. 23, 24 However, the sample size in each of the previous Chinese studies was not larger than 300 diabetic patients. The Ruijin formula was refitted based on the MDRD by investigating 760 Chinese cases of CKD hospitalized at the Shanghai Jiaotong University-affiliated Ruijin Hospital during [2002] [2003] [2004] [2005] . 25 The feasibility of using this formula needs verification in a large sample of diabetic patients. Some recent studies have suggested that the use of the Berlin Initiative Study 1 (BIS1) equation based on Scr is more suitable and accurate for estimating GFR in older patients, including diabetic patients; this equation was developed and validated in a population of older adults aged 70 years or more. 26 Studies comparing the MDRD, CKD-EPI, BIS1, CKD-EPI-Asia, and Ruijin equations are rare. The present study aimed to evaluate the concordance of estimating renal function using the CG, MDRD, mMDRD, CKD-EPI, BIS1, CKD-EPI-Asia, and Ruijin equations for older patients with type 2 diabetes mellitus (T2DM) based on electronic health record (EHR) data for the Minhang District of Shanghai. 
Methods subjects
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Feasibility of various creatinine-based equations for estimating gFr 13 community care centers. In total, 25,021 elderly patients diagnosed with T2DM (International Classification of Diseases [ICD]-10 codes E10-E14) were eligible for analysis after excluding patients for whom incomplete data were available regarding Scr, urinary albumin to creatinine ratio (ACR), and standard hemoglobin A1c (HbA1c; n=24,491) or who were under the age of 60 years (n=6,021). Details of the data extraction have been described previously. 27 After data cleaning and excluding patients with seriously abnormal Scr (,53 µmol/L or .618 µmol/L) levels, a total of 21,723 cases of older diabetic patients remained. Diabetic history and data from physical examinations, including measurements of blood pressure, body height, weight, waist circumference, fasting blood glucose, HbA1c (measured using standard high-performance liquid chromatography), Scr measured by Jaffe's kinetic method, and the urinary albumin-to-creatinine ratio (ACR, milligram per gram), were extracted. The study adhered to the Declaration of Helsinki and was approved by the ethics committee of the Fifth Hospital of Shanghai, Fudan University, Shanghai, China (EC 2010-024). A consent form was not required because this study was based on the secondary data analysis of a pre-existing, de-identified dataset.
Measurements
GFR was estimated using the CG, MDRD, mMDRD, CKD-EPI, CKD-EPI-Asia, Ruijin and BIS1 equations, which are presented below:
The Cockcroft- CKD was defined as either reduced renal function (low eGFR) and/or kidney damage. Kidney damage was estimated as albuminuria .30 mg/g creatinine. 29 Albuminuria categories were based on ACR in a spot urine sample: A1, ,30 mg/g (normal to mildly increased); A2, 30 to ,300 mg/g (moderately increased); and A3, .300 mg/g (severely increased). 31 and 2) as a continuous variable. Abdominal obesity was defined as waist circumference $90 cm for men and $80 cm for women. 32 Concordance between the different eGFR estimations was analyzed by calculating intraclass correlation coefficients (ICCs, two-way mixed model) together with the respective 95% confidence interval and Kappa statistic. 34 Bland-Altman plots were used to assess the pairwise agreement between eGFR levels obtained using different equations. 35 Two-sided P,0.05 was considered to indicate statistical significance. Table 1 summarizes the demographic and some clinical characteristics of the 21,723 diabetic patients. The mean age of all patients was 70.70±7.35 (range 60-95 years). Almost 55% of the patients were 60-69 years old (11, 835, 54 .5%), and 2,515 (11.6%) were $80 years old. More females (11, 146, 51 .3%) than males (10,577, 48.7%) were included, especially in the $80-year-old age group (females: 1,502, 59.7%; males: 1,013, 40.3%). The proportion of obese (BMI $28 kg/m 2 ) and abdominally obese patients decreased with age, while the proportion of underweight (BMI ,18.5 kg/m 2 ) patients increased from 1.2% in the 60-69 years age group to 4% in the $80 years age group.
Results
subject characteristics by age group
Mean eGFR differed according to the formula used and decreased with aging. The lowest levels were observed for GFR values that were estimated using the BIS1 equation (70.11±15.48), similar values were obtained using the CG equation (70.20±18.18), and the highest value for eGFR Table 3 .
The total rate of albuminuria based on urine ACR .30 mg/g was 35.2% (7,637), 31.0% (6,717) with moderately increased (ACR 30-300 mg/g) and 4.2% (920) with severely increased (ACR .300 mg/g) albuminuria. Most of the patients had albuminuria with eGFR $60 mL/min/1.73 m 2 according to the various equations, ranging from 20.4% to 27.5%. It can be seen that the calculated proportions of patients with both albuminuria and reduced renal function were quite similar among the MDRD (6.4%), CKD-EPI (7.5%), CKD-EPI-Asia (6.3%), and Ruijin equations (6.8%) but were higher for the BIS1 (16.2%) and adjusted CG (12.9%) equations and lower for the mMDRD equation Comparison of the proportions of diabetic kidney disease stages calculated using the different equations (Table 4) .
In general, Table 5 reveals good concordance among these creatinine-based equations in classifying CKD stages. High concordance was observed among the MDRD, CKD-EPI-Asia, CKD-EPI, and Ruijin equations. The lowest concordance was observed between the BIS1 and mMDRD equations. The CKD-EPI-Asia equation exhibited excellent concordance with the MDRD (ICC: 0.963), 
Discussion
This study included nearly all commonly used GFR estimating equations used for CKD in China. For the first time, high concordances were observed between the CKD-EPI-Asia equation and the MDRD, Ruijin, CKD-EPI, and mMDRD equations for the categorization of CKD stages after considering albuminuria in a large community sample of older diabetic patients. Good concordance was also observed between the BIS1 and modified CG equations. This study found that the great majority of older diabetic patients (over 20.0% according to the various equations) had mild kidney damage (albuminuria with eGFR $60 mL/ min/1.73 m 2 ); this proportion was higher than that found in the UK study of general T2DM patients (~12.6%) and in the US study of patients $65 years of age (~14.7%) using the CKD-EPI equation. 36, 37 This result was consistent with our previous study, which found that ethnic Chinese people may be prone to albuminuric diabetic kidney disease. 27 The Ruijin and CKD-EPI equations had similar predictive values (~10.0%) for the early stage of reduced renal function (CKD stage 3a).
The low concordance among all equations regarding the eGFR value of $90 mL/min/1.73 m 2 was observed by both the CKD stage classification shown in Table 4 and the mean differences shown in Figure 2 (the Bland-Altman plot). This result is consistent with the report by the ADA consensus conference, which stated that the existing estimation equations had low precision at higher values of GFR. 29, 38 The question of whether the early course of diabetic kidney disease is associated with hyperfiltration in older patients with T2DM still needs further study.
In this large population of 21,723 older diabetic patients, it was not surprising that eGFR declined with age according to all these creatinine-based estimation equations. The decline found using the CG formula was much greater with advanced age. The finding that the CG formula identified a lower level of eGFR and a higher rate of CKD than the other equations was also reported by other studies. 23, 39, 40 This discrepancy may due to structural differences between the equations. The CG equation was originally based on the urinary creatinine excretion of hospitalized Caucasian men aged 18-92 years and with normal renal function. 41 The estimation of GFR by the CG formula is proportional to body weight or BMI, as 
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Feasibility of various creatinine-based equations for estimating gFr was verified by our study and other studies. 42, 43 The high rate of reduced GFR was identified by the CG formula and the BIS1 equation, possibly due to a systematic bias in terms of an overdiagnosis of CKD due to the (on average) lower body weight and decreased muscle mass in older diabetic Chinese patients compared with Caucasians. The mMDRD and Ruijin equations were both adapted from the four-variable MDRD equation, and the gold standard was 99m Tc-DTPA plasma clearance. 7, 25 The mMDRD equation predicted a higher level of GFR and a relatively low CKD rate compared to the other equations, possibly due to the different average reference GFR in the collected sample. In total, 454 patients were randomly selected from 684 patients and used for the training model, and the remaining 230 patients were used to test the performance of the modified MDRD Chinese equation. Only 37 (5.4%) of diabetic nephropathy was diagnosed in the entire sample. The reference GFR in mMDRD was 55.1±35.1 (median 49.9) mL/min/1.73 m 2 . 7 For comparison, the Ruijin formula was based on 670 people randomly selected from 760 CKD patients, and the remaining 90 cases were used to test the modified equations. The reference GFR used in the Chinese Ruijin formula was (51.26±30.49) mL/min/1.73 m 2 for males and (54.36±34.94) mL/min/1.73 m 2 for females. Furthermore, 67 (8.8%) of diabetic patients were included in this study. 25 The four-variable MDRD equation was originally developed based on data from a study entitled Modification of Diet in Renal Disease, which included 1,628 mostly white CKD patients. Among these patients, 1,070 were randomly selected as the training sample, and the remaining 558 were used for validation. Only 99 patients (6.1%) in the sample had diabetes. The gold standard used to develop the MDRD equation was 125 I-iothalamate clearance. The mean GFR for the entire population was 39.8 mL/min/1.73 m 2 . 5 The CKD-EPI equation used the same four variables adopted by the MDRD equation and was based on a cohort study that included 8,254 participants with and without CKD. Among the participants, 5,504 subjects were randomly selected for development, and the remaining subjects were used for validation. Patients with diabetes comprised almost 30% of the cohort. The mean GFR was 68 mL/min/1.73 m 2 . 8 The CKD-EPI-Asia equation is based on the CKD-EPI data source, and the mean GFR was 57 mL/min/1.73 m 2 in Asians. The equations were validated in different racial-ethnic groups (White and other, Black, Asian, Native American, and Hispanic groups), including studies conducted in China (N=675) and Japan (N=248). The overall number of patients with diabetes was 2,406 (29%). 12 Therefore, there is no standardized protocol for measuring GFR, and the diversity of the mean level of GFR and diabetic status found using different equations will influence the accuracy of the equations in predicting CKD in Chinese diabetic populations. The different standard methods of estimating GFR may influence the concordance. The Jaffe kinetic method was used in this study for creatinine measurement, and this may differ from other ) were identified by the equations examined in this study. The low concordance between albuminuria and reduced renal function indicated the importance of adding albuminuria into CKD staging systems based on eGFR, especially for diabetic patients. Albuminuria has been considered a marker of impaired endothelial function and underlying damage to glomerular podocytes and an early clinical indicator of diabetic kidney disease. 44, 45 For older patients, debate continues regarding the influence of age on GFR. With aging, a wide variability of progressive decreases in GFR and renal blood flow was found among individuals. 46 A 3-year prospective study on the CKD stage progression of people aged $65 years revealed that older people with CKD exhibit a low progression of renal disease but are at higher risk for comorbidities related to CKD than for progression to ESRD. 47 In addition, recent studies in both type 1 and 2 diabetes demonstrated that only some patients progress from microalbuminuria to macroalbuminuria and then further to ESRD. [48] [49] [50] Bakris and Molitch suggested that only a subgroup of 25%-30% of diabetic patients with microalbuminuria will likely progress to more advanced stages of CKD. The presence of microalbuminuria alone is not predictive of CKD progression. 51 Albuminuria may also be increased in some situations, including episodic hyperglycemia, high blood pressure, high protein diet, exercise, fever, urinary tract infection, and congestive heart failure. 29 Thus, the measurement of kidney function is methodologically difficult due to the several different interlined functions of the kidney, which include the regulation of water and electrolyte levels, the excretion of waste products, acid-base homeostasis, and hormone secretion. 52 The combined consideration and integrated management of malnutrition (undernutrition and overnutrition), hyperglycemia, hypoglycemia, hypertension, hyperuricemia, 53 lipoprotein metabolism, systemic inflammation, anemia, and disordered mineral metabolism may alter the risks and benefit the progression of CKD and cardiovascular diseases in older diabetic patients.
In recent years, cystatin C has been proposed as a new endogenous marker of GFR, and several serum cystatin C-based equations have been developed and proposed for estimating the GFR as alternatives to Scr-based equations. Compared to 
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Feasibility of various creatinine-based equations for estimating gFr creatinine-based measurement, cystatin C was considered to be less biased by age, gender, race and body weight. 54 One proposed equation is the CKD-EPI creatinine and cystatin formula, which uses both Scr and serum cystatin levels for estimating kidney function. 55, 56 However, the high cost of the cystatin C assay and the lack of specificity for CKD have limited the use of cystatin C as the first-line measure of kidney function. 57 To avoid misclassification and mistreatment, some studies have suggested using cystatin C as a supplement to Scr for estimating the risk of adverse outcomes and the diagnosis of mildto-moderate decreases in GFR (eGFR: 45-59 mL/min/1.73 m 2 ). 58, 59 The use of albuminuria combined with cystatin C may benefit the risk stratification and management of early stage diabetic kidney disease (GFR values between 60 and 90 mL/ min/1.73 m 2 ), where changes in Scr are not observed. One of the strengths of the study was the large sample size from a community of elderly Chinese diabetic patients based on the EHR information system. This was the first time that the concordance of different creatinine-based GFR estimation equations was evaluated and analyzed in such a large sample of diabetic patients. Also, the selection bias may have been reduced by deleting the data for patients with highly abnormal Scr levels. The data were obtained from one southern district of Shanghai, and the results need to be verified in other districts or regions of China. In addition, prospective studies evaluating the ESRD, mortality, and cardiovascular disease outcomes based on different eGFR equations may provide more valid evidence for accurately identifying patients with early stage diabetic kidney diseases. The main limitation of the study was the unavailability of gold standard isotopic GFR measurements for comparison; therefore, the accuracy and precision of these formulae are not known. However, it has been suggested that the CKD-EPI equation predicts a reasonable distribution of eGFR values in healthy Chinese adult populations compared with the MDRD equation. 12 Prospective studies are needed to verify these equations. Recently, a practical method of measuring GFR by iohexol clearance using dried capillary blood spots was developed and has been suggested to be a convenient method for accurately evaluating renal function. 60, 61 Improved methods and individualized considerations for measuring or estimating GFR will lead to a better ability to accurately identify early changes in GFR and to track GFR changes over time in patients with diabetes in clinical practice. 
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Conclusion
The CKD-EPI-Asia equation resulted in excellent concordance with the CKD-EPI, MDRD, mMDRD, and Ruijin equations for the classification of CKD stages after considering albuminuria in a large community sample of older diabetic patients, whereas the BIS1 equation exhibited good concordance with the CG equation. In addition, significant differences were observed for stage 1 CKD among the studied equations.
Low concordance between albuminuria and reduced renal function was observed for all creatinine-based equations. Accurate GFR estimates are difficult to obtain using creatinine-based equations in older diabetic patients. Kidney function is complex, and staff need to be aware of the individualized consideration and management of other risk factors or markers of reduced renal function in clinical practice.
